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RATE AUGMENTED DIGITAL-TO-ANALOG
CONVERTER

BACKGROUND OF THE INVENTION

The increasing complexity of simulation studies has
produced, in certain critical computations, requirements for

5

high precision which have been met by the use of digital com-

puters. The aerospace field is an example of a field where the
increasing complexity of simulation studies has resulted in the
requirement for high precision computations. Precise samples
of the time-dependent solutions of the simulation equations
are obtained at discrete intervals, the duration of the intervals
is in part determined by the time required to execute the en-
tire solution of a set of simulation equations. Whenever a part
of the simulation must remain in a continuous domain, the
digital computer must be operated in conjunction with either
an analog computer or analog control equipment. One of the
problems that arises in such a simulation is the conversion of
the quantity obtained from the digital computer at discrete in-
tervals into accurate, continuous functions in real time.

One prior art apparatus for shifting from a digital domain to
an analog domain is a zero-order-hold, digital-to-analog con-
verter system wherein the value of one sample is held until the
arrival of the next value. The result is an output that is a stair-
step approximation of the continuous function. While this out-
put can be smoothed by conventional low-pass filters, such
smoothing is generally undesirable because of the excessive
time lag which is introduced. Smoothing may also be effected
by reducing the step intervals. The step intervals are usually
reduced by programming the digital computer to calculate, in
addition to the sample quantity, a set of extrapolated quanti-
ties for the succeeding sample interval. Generally, a polynomi-
al fit to a number of preceding samples is used as the basis of
the calculation. The extrapolated quantities are transferred, in
order, to the converter at submultiples of the sample interval.
Under some circumstances, the level of smoothing provided
by a few extrapolated points is acceptable. However, a rela-
tively large number of extrapolation calculations and date
transfers are required to obtain a high level of smoothing in
many situations. And, (often) the computational speed of the
computer does not permit both the simulation and the ex-
trapolation calculations within a sample interval that is con-
sistent with the dynamics of the simulation.

Another prior art apparatus involves the addition of an
analog computing circuit to the output of a digital-to-analog
converter to provide a continuous linear extrapolation of the
last two data samples. Extending this technique to higher-
order extrapolation requires a large number of analog com-
puting elements. One disadvantage of this apparatus is that
any inaccuracies which exist in the smoothing circuit degrade
the net conversion accuracy of the overall system for static as
well as dynamic functions. In addition, the apparatus has the
operational disadvantage of requiring one or more individual
adjustments for each converted function when the sample in-
terval is changed for different simulations.

Therefore, it is an object of this invention to provide a new
and improved digital-to-analog converter.

It is another object of this invention to provide a new and
improved digital-to-analog converter that is rate augmented.

It is also an object of this invention to provide a rate aug-
mented digital-to-analog converter that provides a smooth
analog output for rapidly occurring function samples.

It is a further object of this invention to provide a rate aug-
mented digital-to-analog converter wherein data from prior
function samples are used to predict the data change for a
present sample so that a smooth analog signal is provided.

It is a still further object of this invention to provide a rate
augmented digital-to-analog converter wherein data from
prior function samples are extrapolated by solving nth-order
equations to provide a predicted change, and the predicted
change is added to a present sample on a continuous basis to
provide a continuous analog output signal.
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2
SUMMARY OF THE INVENTION

In accordance with a principle of this invention, a rate aug-
mented digital-to-analog converter for computed time-depen-
dent functions is provided. The converter produces a smooth
continuous function signal by digitally incrementing function
samples at a rate proportional to the predicted functional
change over each sample interval. The output of the converter
is a continuously converted analog voltage which is, in effect,
the sum of a linear ramp and the function sample.

In accordance with a further principle of this invention, at
the start of each discrete time interval the digital data source
furnishes two quantities to the converter. The first quantity is
the value of the function at that time and the second quantity
is the predicted change in the function. The predicted change
in the function is obtained by solving a selected nth-order ex-
trapolation equation. During the sample interval, the function
value is digitally incremented at a rate proportional to the pre-
dicted change concurrent with a continuous conversion of the
result to an analog voltage.

It will be appreciated from the foregoing description of the
invention that a rate augmented digital-to-analog converter is
provided. The invention overcomes the problems of the prior
art by digitally incrementing a sample signal in accordance
with a predicted change so that the output signal is 2 smooth
continuous analog signal. By utilizing an xth-order polynorai-
al, a more precise analog output is achieved. That is, prior art
digital-to-analog converters are limited by first order cusve
fitting. The invention is not so limited. In addition, prior art
digital-to-analog converters are limited by offset, gain inaccu-
racy, drift and electrical noise. These disadvantages are also
overcome by this invention. The invention also overcomes the
disadvantages of prior art polynomial digital-to-analog con-
verters, because it does not require complex computations ata
rate that overloads the computing means.

It will be appreciated by those skilled in the art that the in-
vention can be utilized with a digital computer to convert the
digital output data into analog data. In addition, the invention
is useful with any system that provides digital data, but nesds
analog data. Hence, the converter can be used with simulation
systems, process control systems, data plotting systems, and
some digitally driven machine tool operation control systems.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing objects and many of the attendant ad-
vantages of this invention will become more readily ap-
preciated as the same becomes better understood by reference
to the following detailed description when taken in conjunc-
tion with the accompanying drawings wherein:

FIG. 1 is a block diagram of one embodiment of rate aug-
mented digital-to-analog converter made in accordance with
the invention;

FIG. 2 is a timing diagram of the control sequence of certain
portions of the embodiment of the invention illustrated in FIG.
1; and

FIG. 3 is a block diagram of an alternative embodiment of a
rate augmented digital-to-analog converter made in ac-
cordance with the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Prior to describing the illustrated embodiments of the in-
vention, the following description of the approximation of a
continuous function by linear extrapolation is provided. The
approximation of a continuous function by linear extrapola-
tion is one of the features upon which the operation of the in-
vention is based.

A time-varying function y(¢), described only by a series of
function values at fixed time intervals of spacing T, may be ap-
proximated by a set of linear extrapolations
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i} is a continuous function of time, samples of which are ob-
ined at finite intervals
the extrapolated approximately of y(1)
is the value of y{1) at 1,
is the total predicted change in the interval 1, = 1<t
ime in s8¢
ﬁ}e 1Zmé‘ ¢ W{Eh Gampie

of this iny
the di

scribed by equation (1). The input data
uter are Y, the value of the function at
al, and Ay, the calculated total change

from

“}my AY, s a weighted summation of ¥, and »
ing points; that is,

AYi=c¥V it oY+ Y+ Y e {23
. ¢ are the weighting coefficients of ¥Yi, Y,
Yyn used in the extrapolation formula. where &,

., k—n refer to the present and previous

lest method of determining the weighting coeffi-
for M% &x‘i\amia{isn formula is to assume that W k+

ig xﬁ“ “Uei;acéents can satisfy either of two criteria.
3 on is that the terminal value of the converter ex-
olation be equal to the predicted next value of the func-
other criterion is that over the interval T the average
between the linear extrapolation and the next seg-
he fitted polynomial be zero. These two types of ex-
olations are referred to as minimum terminal error and
num average error, respectively. In either extrapolation
¢ coefficients are derived by solving the equations that result
om the choice of the polynomial and extrapolation criterion.
ﬁmdv either extrapolation can be used by the invention as
inafter described.

h will be appreciated from the foregoing brief description of
the a imation of a continuous function by linear ex-
1 t each next change of a function is one of a se-
nction changes which can be predicted. The predic-
n is based on past samples (or values) of the function.
ce, by knowing several past (digital) values of the func-
ion, the next Lhange can be predicted by solving equation
). By .adumg the solution of equation (2) to ¥, (prorated
over the time interval), the solution to equatlon (1) is ob-
tained. And, the solution to equation (1) is the analog output
signal for the dzgﬂa& input signal creating the predicted

change. It will also be appreciated that the solution to the
foregoing equations is easily and rapidly accomplished by a

! computing apparatus.

ing now to a &Psmptmn of the preferred embodiments
of the invention illustrated in FIGS. 1 and 3, the embodiment
of the invention illustrated in FIG. 1 comprises: an A register
11, 2 B register 13; 2 C regxster 15; transfer gates 17; an
s/down counter 19; 2 one’s complementer 21; a channel bi-
nary rate multiplier 23; a control and overflow inhibitor 25;
digital-io-analog converter DAC matrix 27; a synchronous
controller 29; a pulse oscillator 31; a gate 33; a system binary
rate multipl ier 35; and interval ratio switches 37. The input
ignal source for the embodiment of the invention illustrated
in FIG. 1 is designated as a tape reader and address decoder
39, illustrated on the left of FIG. 1. Basically, the tape reader
and address decoder is a source of data and extrapolated data
points of the type obtained by the solution of the equations
heretofore described. This data is converted by the apparatus
of the invention illustrated in FIG. 1 and herein described into
an analog output signal.

The data sample output Y, of the tape reader and address
decoder 39 is connected to the input of the A register 11. As A
strobe signal derived from the tape reader and address
decoder 39 is also connected to the input of the A register 11
5o as to strobe the A register when its input data is present.

4

The total predicted change in the sample interval AYy output
of the tape reader and address decoder 39 is connected to the
input of the B register 13. The B register also receives 2 B
strobe signal derived from the tape recorder and address
decoder 39. The tape reader and address decoder apparatus
39 generates a further strobe signal designated the “End of
Block Signal” which is applied to one input of the
synchronous controller 29.

The output of the A register 11 is connected to the input of

0O the transfer gates 17. The transfer gates 17 have a control
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input signal designated “transfer enable” derived from the
synchronous controller 29. The output of the transfer gates 17
is connected to the initial set input of the up/down counter 19,
and the outputs of the up/down counter 19 stages are con-
nected to the inputs of the DAC matrix 27. The output of the
up/down counter 19 is also connected to one input of the con-
trol and overflow inhibitor 25.

The output of the B register 13 is connected to the input of
the C register 15. The C register receives a C strobe signal
from the synchronous controller 29. The output of the C re-
gister 15 is connected to the input of the one’s complementer
21. The one’s complementer has “magnitude” and a “sign”
outputs. The magnitude output of the one’s complementer 21
is connected to the input of the channel binary rate multiplier
23. The sign output of the one’s complementer 21 is con-
nected to a second input of the control and overflow inhibitor
25. The output of the channel binary rate multiplier is also
connected to an input of the control and overflow inhibitor
25. The control and overflow inhibitor 25 can generate one of
three output signals. One output signal is a pulse or count out-
put signal; the second output signal is an up control signal, and
the third output signal is a down control signal. Lines for these
output signals are all connected to control inputs of the
up/down counter 19.

The pulse oscillator 31 generates clock pulses. The output
of pulse oscillator 31 is connected to a second input of the
synchronous controller 29 and to an input of the gate 33. An
inhibit input of the gate 33 is connected to the synchronous
controller 29. The output of the gate 33 is connected to an
input of the system binary rate multiplier 35. The output of the
interval ratio switches is also connected to the system binary
rate multiplier 35. The system binary rate multiplier also
receives signals from the synchronous controller 29. The out-
put of the system binary rate multiplier is comnected to a
further input of the channel binary rate multiplier 23. The
channel binary rate multiplier also receives a signal from the
synchronous controlier 29.

From the foregoing description it will be appreciated by
those skilled in the art that one of the primary differences
between the rate augmented digital-to-analog converter of the
invention and the prior art is that the digital-to-analog con-
verter {DAC) matrix 27 is driven by logic signals from a bi-
nary up/down counter 19 rather than from a buffer register. In
general, at the start of each sample interval, the up/down
counter 19 is preset to the value of the function. The counter
is then incremented or decremented by the control and over-
flow inhibitor at a rate which is determined by the predicted
change of the function during that sample interval. The pre-
dicted change is the result of the solution, by the digital com-
puter, of an extrapolation formula of the type heretofore
described. In order to convert both positive and negative func-
tion values to analog voltages without using an inverting am-
plifier and a sign-control switch, the information in the
up/down counter must be in numerical complement form
rather than in sign-magnitude form. Hence, because the em-
bodiment of the invention llustrated in FIG. 1 is designed for
the conversion of natural binary coded information with nega-
tive numbers expressed in two’s complement form, the format
of the predicted-change data must be converted to sign-form,
within the system, in order to control the counting operation.

Turning now o a more specific description of the operation
of the invention illustrated in FIG. 1, as a tape block is read,
registers A and B are loaded in sequence with quantities Y
and AY,. When the end of the tape block occurs, the conver-
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sion operation for that sample is started. The transfer gates 17
are enabled so that the up/down counter 19 can be set to the
Y, value which has been previously stored in the A register 11.
Simultaneously, the C register 15 is set to the AY, value which
was previously stored in the register 13. The transfer gates 17
are then disabled so that the up/down counter 19 can respond
to the pulse inputs which it receives from the control and over-
flow inhibitor 25.

Conversion of the AY,, information from two’s complement
to sign-magnitude form is necessary to provide the up/down
counter 19 with a count-up or a count-down control signal and
to develop a separate set of logical signals which determine
the rate at which the up/down counter is pulsed. The one’s
complementer 21 performs a parallel one’s complement to
sign-magnitude conversion. Although this conversion causes
an error of the least significant bit (when negative numbers
are converted), its speed and simplicity far outweigh the dis-
advantage caused by this minor error.

The rate at which the up/down counter is pulsed is deter-
mined by the output of the channel binary rate multiplier 23.
The channel binary rate multiplier’s numerical multiplier
input is the natural binary representation of the magnitude
AY,.. Its multiplicand input is a pulse train of 2¥/T pulses per
second, where T is the sample interval and N is the number of
stages. The number of stages N is related to the capacity of the
overall system and may, for example, be =(2''—1). This value
of N is related to the precision of the digital-to-analog conver-
ters used. The output or product of the channel binary rate
multiplier is a pulse train of AY,,, pulses per second. Con-
sequently, in a sample interval ¢, <¢<1,, the counter and,
therefore, the digital-to-analog converter matrix 27 follow (in
one bit increment) equation (1).

Under certain circumstances, the numerical sum of the pre-
dicted change AY,, and of the actual function value Y, may ex-
ceed the range of the counter. A counter overflow (which
would result in a sign reversal and, hence, an error), is
prevented by the control and overflow inhibitor portion of the
invention. The control and overflow inhibitor 25 tests the
status of the counter and inhibits the count-up or the count-
down control signal when the counter reaches plus or minus
full scale, respectively.

The pulse source for the channel binary rate multiplier 23 is
the output of the system binary rate multiplier 25. The pulse
input to the system binary rate multiplier is a clock pulse train
from the pulse oscillator 31 through the gate 33, For example,
the pulse train may be at 1 MHz. In any particular system in-
corporating the invention, the frequency of the pulse train is
determined by the maximum operating frequency of the logic
elements. For scaling purposes this frequency is defined as the
ratio of the converter half-range (2¥) to a minimum sampling
interval designated T, The system binary rate multiplier
input is the ratio of Tpy;, to the sampling interval T which is
used for a given conversion. Hence, the output of the system
binary rate multiplier is a pulse train at the rate of 2"/T PPS,
which is the required channel binary rate multiplier input.

In the embodiment of the invention illustrated in FIG. 1, T is
the measured interval between the reading of successive tape
blocks and the binary code for T,/T is determined by the
setting of the interval ratio switches 37. In an embodiment of
the invention wherein the converter illustrated in FIG. 1 is
directly connected to the output of a digital computer, T is the
iteration interval of a particular digital computer simulation
program and the interval ratio switches are replaced by a re-
gister which is set to Tp,/T by the computer at the start of the
simulation.

For a given maximum pulse oscillator frequency, the value
of Tin is determined by the choice of the converter half-range
scaling constant (2") which is used to define the frequency as
a binary rate multiplier multiplicand. The value of this con-
stant is limited by its additional use in the fractional represen-
tation of AY,. In this use, the constant cannot be less than the
maximum value of AY, for a particular simulation problem.
Considering all possible problems, the foreknowledge of the
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)

maximum values of AYj, is not always available. However, a
difference between successive samples in excess of 27 results
in a predicted value for the next sample that is off scale. With
this knowledge, the sampling rate for any particular conver-
sion can'be limited so as to prevent the occurrence of off scale
situations.

It will be appreciated from the foregoing description of the
operation of the embodiment of the invention illustrated in
FIG. 1 that the invention provides an apparatus for converting
digital data into analog data without the problems presented
by prior art systems. By augmenting digital functions with pre-
dicted changes, a smooth continuous analog output signal is
provided.

A timing diagram illustrating the general sequence of events
for the embodiment of the invention illustrated in FIG. 1 is il-
lustrated in FIG. 2. In general, the A strobe puise occurs first
and digital function data is read into the A register. Then the B
strobe pulse occurs and increment data is read into the B re-
gister. Thereafter, the “end of block™ pulse occurs. When the
end of block pulse occurs, the synchronous controller
generates a signal which transfers data in the A register
through the transfer gates into the up/down counter; transfers
data in the B register into the C register, and inhibits the clock
pulses. After this occurs, the digital-to-analog conversion
takes place for that set of Y and AY,, signals and the A and B
registers are filled with the next set of ¥, and AY, signals.

It will be appreciated by those skilled in the art and others
that the tape reader and address decoder 39 illustrated on the
left side of the vertical dashed line of FIG. 1 can be replaced
by a digital computer output. In addition, it will be ap-
preciated that the portion of the system illustrated beneath the
horizontal dashed line of FIG. 1 can be utilized to control 2
plurality of read out channels. The embodiment of the inven-
tion illustrated in FIG. 3 and hereinafter described illustrates
these changes. More specifically, the embodiment of the in-
vention illustrated in FIG. 3 is a single channel system with
means for controlling a plurality of channels. In addition, the
embodiment of the invention illustrated in FIG. 3 is suitable
for direct attachment to a computer to receive control signals
and signals representing ¥, and AY).

The embodiment of the invention illustrated in FIG. 3 com-
prises: an address decoder 41; a one’s complementer 43; an A
register 45; a B register 47; transfer gates 49; an up/down
counter 51; a DAC matrix 53, a C register 55; a control and
overflow inhibitor 57; a channel binary rate selector-combiner
59; a pulse oscillator 61; a synchronous controller 63; a gate
65; a binary rate multiplier 67; an interval ratio register 69; a
binary rate generator 71, and digital amplifiers 73.

The address decoder 41 and the one’s complementer 43 are
connected through a computer interface (not shown) o a
digital computer (also not shown) so as to receive digital
signals representing Y, and AY, and control or strobe signals.
The output from the one’s complementer contains the Y, the
AY, and the T,,/T signals, as well as data (Y, and AY},)
signals for other channels (not shown). The Y, signal is ap-
plied to the A register 45, the AY, signal is applied to the B re-
gister 47, and the T,;,/T signal is applied to the interval ratio
register 69.

The address decoder 41 generally provides timing signals
for controlling the application of data to the various registers.
Specifically, strobe signals from the address decoder are ap-
plied to the A register 45, the B register 47, and the interval
ratio register 69. In addition, the address decoder 41 applies a
control signal to the one’s complementer 43 and to the
synchronous controller 63. Strobe signals for the registers of
other data channels (not shown) also originate at the address
decoder 41.

The output of the A register is connected to the input of the
transfer gates 49. The output of the transfer gates 49 is con-
nected to the input of the up/down counter §1. The cutput of
the up/down counter is connectéd to the input of the DAC
matrix 53 and to the input of the control and overflow inhibi-
tor 57. The output from the B register 47 is connected to the
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input of the C register $5. The C register has “sign” and “'mag-
aitude” output signals. The magnitude output sign of the C re-
gister 55 is connected to the input of the channel binary rate
selector-combiner. The sign output signal of the C register is
connected to an input of the control and overflow inhibitor
7. The synchronous control 63 provides a C strobe signal to
C register 55 and a transfer enable signal to the transfer
control the C register and the transfer gates,

1l
gates 49 to

r 61 generates a series of clock pulses
s »y%hfmams cmm*ol 63 awd to the

sut of the binary rate multplier 7. The bi-
Her has a second input connected to the reset
Omp»ﬂ @5 the synchronous coniroller 63 and a third input con-
necied 1o the output of the interval ratio register 69. The out-
put of f the b rate multiplier 67 is connected to the input of

ed from the synchronous controller 63.
i binary rate generator 71 is connected to the
amplifiers 73. The outputs of the digital
nected to the channel binary rate selec-
of the various channels.
mbodiment of the invention Hiustrated in
e same manner as the embodiment ilus-
d heretofore described. However, in the
ated in FIG. 3, cost reduction for a mul-
s effected by the invention by the relocation
of certain logic functions so that they can serve a plurality of
channels. mwmdmgly the one’s complementer is located so
all data passes through it as the data is addressed to the in-
X hannels. Specifically, because the A and B
1 ;@mmm ow acvh chamnel may be consxdered ‘to be mde~

mwtw can service aH cmnneis by addmg to nt the Eoglc,ai ele-

»ais required to assure that only data addressed to even
bered registers is complemented.

If a sign-magnitude arithmetic format is used by the com-
puter, it 1s necessary to convert the format of the Y, data while
leaving unallered the AY, date. If the invention is used in such
an environment, the format conversion is merely inverted

i.e., sign-magnitude one’s complement) and the address logic
is changed to assure that the ¥, data is converted.
A further cost reduction for a multichannel system is
achieved by the embodiment of the invention illustrated in
FIG. 3 by separating the functions of the channel binary rate
multiplier illusirated in FIG. 1 into a binary rate generator and
channel binary rate selector-combiner. Specifically, the bi-
nary rate generator is now located so that it serves all channels
n the multichannel system. Its output is a parallel set of pulse
trains at the rates of 2M27, 2¥4T,. ... ... ... 28128 T pps.
’?mse pulse trains are transmitted through digital amplifiers to
all channels and each channel has a bmary rate selector-com-
73, ner whose output is a single pulse train. For a particular
channel the pulse rate in pps is AY, for the channel, divided by

T
i

In addition, FIG. 3 illustrates an interval ratio register which
is used to change the time scaling whenever the simulation
program is changed. The substitution of an interval ratio re-
gister for interval ratios when the system is directly connected
0 a computer has been previously discussed. In general, the
fraction T,/T, for each problem, is transferred from the
v"}mpam to the register as part of the initializing routine of

ve digital simulation program. The interval ratio register
opemi@@ on the system clock frequency; hence, time scaling
for all c‘acmnsﬂs is set simultaneously.

It will be d?pf@(}ﬂd?f’d by those skilled in the art and others
that the invention provides a rather uncomplicated system for
providing digital-to-analog conversion function. The system is
rate augmented so that a considembly smoother and more ac-
curate analog cutput signal is generated than is generated by

Le gu«;mwx 71. The binary rate generator 71 has .
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prior art digital-to-analog converters. That is, the invention
provides a continuously changing analog function determined
by a predicted rate of change which is determined by the solu-
tion of an extrapolated equation. The equation is not as com-
plex as prior art polynomial equations; hence, it can be easily
and rapidly soived by the digital computer providing the
digital data. The AY), resulting from the computation is com-
bined with the Y, data representing the function to provide a
continuously {as opposed to step) changing output signal.

{ claim:

1. A rate augmented digital-to-analog converter comprising:

a first register for registering digital function data;

a second register for registering predicted digital function
data changes;

up/down counter means controllable to count up and count
down in accordance with input signals connected to said
first and second registers to count up and count down the
input from said {irst register in accordance with the signal
from said second register;

transfer means connected between said first register and
said up/down counter for transferring digital function
data from said first register to said up/down counter;

a third register connected to said second register for reading
out the predicted digital function data changes in said
second register;

control means connected to said transfer means and said
third register for controlling the transfer of data from said
first register 1o said up/down counter means and the
transfer of data from said second register to the third re-
gister;

a channel binary rate multiplier having a first input con-
nected to said control means and a second input con-
nected to said third register;

a control and overflow inhibitor having a first input con-
nected to the output of said up/down counter, a second
input connected 1o an output of said third register, and a
third input connected 1o the output of said channel binary
rate multiplier, and having its outputs connected to the
control and pulse inputs of said up/down counter so as o
be able to change the count in said up/down counter; and

digital-to-analog converter means connected to the output
of said up/down counter means for converting the output
from said up/down counter means into an analog signal.

2. A rate augmented digital-to-anzlog converter as claimed
in claim I wherein said third register is connected to a one’s
complementer, said one’s complementer having a sign output
and a magnitude output, said sign output connected (o an
input of said control and overflow inhibitor and said mag-
nitude output connected to an input of said channel binary
rate multiplier.

3. A rate augmented digital-to-analog converter as claimed
in claim 2 wherein said control means comprises:

a synchronous controller connected so as to receive a con-

trol signal at a first input;

said synchronous controller having outputs connected to
said transfer means, said third register and said channel
binary rate multiplier;

a pulse oscillator having an output connected 1o a second
input of said synchronous controller;

a gate having a signal input connected to the output of said
pulse oscillator and inhibit input connected to an output
of said synchronous controller;

a system binary rate multiplier having a first input con-
nected to the output of said gate and a second input con-
nected to the output of said synchronous controller and
an output connected to said channel binary rate multipli-
er;and

interval ratio switches having an output connected to a third
input of said system binary rate multiplier.

4. A rate augmented digital-to-analog converter as claimed
in claim 3 including means for connecting the date outputs of
a tape reader and address decoded to the date inputs of said
first and second registers and the control outputs of said tape
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reader and address decoder to the control inputs of said first
and second register and the control input of said synchronous
controller.

5. A rate augmented digital-to-analog converter as claimed
in claim 1 including a channel binary rate selector-combiner,
one input counected to a magnitude output of said register
and an output connected to said control and overflow inhibi-
tor, said third register having a sign output connectec directly
to said control and overflow inhibitor, said channel binary rate
selector and combiner having a plurality of inputs cannected
to predetermined outputs of said control means.

6. A rate augmented digital-to-analog converter as cluimed
in claim § including:

one's complementer for receiving data and for applying it to
said first and second registers; und

an address decoder for receiving address data and having a
plurality of control outputs connected to said one’s com-
plementer, said first and second register, and said control
means.

7. A rate augmemed digital-to-analog converter as cluimed

in claim 6 wherein said control means comprises:

a synchronous controller having a control input connected
10 an output of said address decoder and having an output
connected to said transfer means and said thivd register;

a pulse oscillator having an output connected to said
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synchronous controller;

A gate having a signal input connected to the output of said
pulse oscillator and an inhibi input connected 1o an out-
put of said synchronous controller;

a binary rate multiplier having a signal input connecizd to
the output of said gate and a reset input connecied to an
output of said synchronous controller;

an interval rate ratio register having an input connected to
an output of said one’s complementer and a control input
connected to an input of said address decoder, and having
an output connected to an input of said binary rate mul-
tiplier;

a binary rate generator having a reset input connected to an
output of said synchronous controlier and a signal input
connected to the output of said binary rate multipher; and

a set of digital amplifiers having inputs connected to outputs
of said binary rate generator and outputs connected to
said channel binary rate selector-combiner.

8. A rate augmented digital-to-analog converter as clats
in claim 7 wherein said predicted digital function data chan
are determined by the solution of 2 predetermined equation
which equation results from data derived from prior digital
function data.






